The current study aimed to evaluate the impact of soy lecithin, instead of egg yolk, in extenders on quality and fertility of rabbit semen preserved at 4°C. Six mature New Zealand White rabbits were used for semen collection. Two different concentrations of soybean lecithin; L1 (1% lecithin and 10% egg yolk) and L2 (only 2% lecithin) were compared with L0 (free lecithin Tris-Yolk extender) as a control. Good quality ejaculates (initial motility ≥ 70%) were diluted to four fold with specified extender and preserved for three days at 4°C. Progressive motility and viability were examined in pooled and diluted semen samples. In addition, fertility test was carried out on 98 multiparous rabbit does using one day preserved (4°C) extended semen.
Chilled storage of buck semen is now a common practice in commercial rabbit breeding due to the highly variable and unsatisfactory fertility rates achieved after cryopreservation (Mocé and Vicente 2009 ). Lopez and Alvarino (1998) recorded acceptable fertility when they use diluted, cooled buck semen stored for up to 4 days. Although quality and viability of the sperm gradually deteriorates during liquid storage, addition of a suitable extender prevents cell membrane against damages during cooling (Aires et al., 2003) . As in most species, semen extenders used in preserving rabbit semen usually contains an animal product such as egg yolk and milk. Extenders based on egg yolk provide comparable results but are more complicated to process and generally do not result in enhanced semen quality or fertility (Gil et al., 2003 and Bencharif et al., 2008) .
A sterile soybean extract is a new generation of semen diluents often used instead of egg yolk or milk (Anel et al., 2006; . Soy lecithin-based diluents were introduced by the commercial AI companies at the beginning of year 2000 (Gil et al., 2000 and Thun et al., 2002) . Many researchers compared such an extender with a conventional egg yolk extender and found that the latter generally gave acceptable preserve effect and better fertility, but that results varied between breeds (van Wagtendonk-de Leeuw et al., 2000 and Kmenta et al., 2011) . However, Aires et al. (2003) reported clear benefits from using a soy-lecithin extender as compared to an egg yolk containing extender. Soy lecithin may thus be a good alternative, if there is a concern regarding microbial contamination that may negatively affect semen quality during low temperature storage, and impair fertilizing capacity of spermatozoa (Aurich and Spergser, 2007) .
The current study was carried out to investigate the potential benefits of replacing the non-animal origin, soy lecithin, substance with egg yolk in Tris-based extender for the liquid storage of rabbit semen at 4°C.
MATERIALS AND METHODS

Animals and semen collection
The current study was conducted in the Experimental Animal Production Farm, Faculty of Agriculture, Suez Canal University, Ismailia, Egypt. Six mature New Zealand White rabbit bucks (4.10 ± 0.4 kg body weight and about one year age) were used for semen collection. Bucks were housed in flat-deck cages with semi-opened system. Animals were fed a commercial standard diet that contains 20% total protein and 2600 K Cal digestible energy. Drinking water was automatically offered freely.
Two ejaculates per male were collected twice a week by using an artificial vagina. Only ejaculates presenting white, opalescent appearance and initial motility more than 70% were utilized. Good quality ejaculates were mixed together and treated as one pooled semen sample. The microscopic attributes of ejaculates were reported in Table 1 . After assessment of semen quality, each pool was splitted into three portions and each was fourfold extended (v/v) with one of the below extenders at room temperature.
Preparation of semen extenders
Basic extender was composed of 3.028g Tris, 1.675g Citric Acid and 1.250g fructose. After dissolving all of these ingredients in 100mL distilled water, the antibiotics were added (500 IU Penicillin and 500 µg Streptomycin/mL) to the basic extender. The basic extender was splitted into three parts, each was supplemented with egg yolk or soybean lecithin (LE030A-Bio Basic) as follow L0 (zero lecithin and 15% egg yolk), L1 (1% lecithin and 10% egg yolk) and L2 (2% lecithin and zero egg yolk). Then, pH was adjusted to be seven using ADWA pH meter (AD1040, Romania).
Sperm motility and viability
Sperm motility was assessed by visual estimation using a phase contrast microscope (Olympus, Japan) equipped with warmed stage at the nearest 5% as described by Roca et al., (2000) . The microscope was conducted to video screened Scalar USB Camera (USB Shot, M3, Japan). A drop of 10 µL of semen was delivered onto a clean glass slide and covered with a cover slip. Percentages of spermatozoal progressive motility were estimated at 600X magnification. The sperm viability was measured using the Live⁄ Dead Sperm Viability Kit containing Eosin-Nigrosine-based stains using phase contrast microscope. Evaluation of pooled then diluted semen samples was performed immediately after dilution (Initial) and periodically after one, 24 and 48 hours of cold storage at 4˚C. Progressive motility examination was estimated at extended time (72h) for all samples as a suitable indicator for sperm prolongevity and activity under prolonged stress of chilling conditions.
Fertility test
During the last week of experiment, fertility test was done to compare the three types of extenders. Ninety-eight multiparous rabbit does were used, their age averaged one year and their weight averaged 3.25-3.50 kg. At the time of insemination, rabbit does were induced for ovulation by administration of 20 µg of GnRH analogue (0.2 ml intramuscularly injection of Buserlin, Intravet, Holand) according to Morrell (1995) . Each female rabbit was inseminated with a dose of 50 X10 6 motile sperm as described by Quintela et al. (2004) . For AI procedure, female rabbits were placed carefully on a stable bench and inseminating pipettes, with a 5 mm diameter of glass tubes, were inserted 10-15 cm into vagina to ensure appropriate delivery of sperm to female rabbits (Morrell, 1995 and Houdebine and Fan, 2009 ). Pregnancy diagnoses were confirmed at twelve days of AI by abdominal palpation. Conception rate was calculated as a percentage of the number of pregnant females from all inseminated females.
Bacterial culture
At the same time of insemination, 24 h of storage, 1.5 mL aliquots semen samples were immediately transported to Diagnostic Laboratory for calculating the total bacterial charge. Each extended sample was surface plated on blood agar and MacConkey agar by using standard loops (0.001 ml) of specimen. The blood agar and MacConkey agar plates were incubated in aerobic conditions at 37°C for 24 h. Aerobic cultures were considered positive when one observed colony, equivalent to 1000 organisms/mL, were noted.
Statistical analysis
Data of semen motility and viability were analyzed using the General Linear Model (GLM) procedure of SAS (SAS, 2004) . Differences among treatments and sampling were performed (Duncan, 1955) . Data on conception rates were statistically analyzed using Pearson Chi-square test. All differences were considered statistically significant at (P<0.05).
RESULTS AND DISCUSSION
The average of initial semen characteristics, as shown in Table ( 1), for semen ejaculate volume (ml), sperm cell concentration and parentages of progressive motility and viability were 0.66, 429.14×10 6 sperm/ml, 76.84 and 90.92, respectively. All obtained values of pooled samples were in normal ranges of rabbit semen characteristics.
Sperm motilities determined immediately after semen dilution (Initial) and after preservation until 24h of storage at 4˚C showed no significant differences between the three extenders ( At 48 and 72h of cold storage, results demonstrated a significant (P<0.05) improvement in motility by partially (L1) or completely (L2) lecithin replacement instead of egg yolk extender and the best values of sperm motility were observed when extender contained 2.0% lecithin at 48h (63.28%). At 24h of cold storage, decline of sperm motility were nearly by the same ratios in the three extenders. Nevertheless, at 48h of preservation, the decline was increased (-11.5%) in free lecithin extender compared to L1 (-9.09%) and L2 (-7.22%) extenders. Sperm motility largely decreased after 3 days of preservation at 4˚C by the rate of 41.85%, 39.61% and 39.68% for L0, L1 and L2, respectively.
Regarding the effect of different levels of soybean lecithin supplementation on the viable spermatozoa after preservation of rabbit semen at 4˚C, results revealed no significant differences were found among the effect of different extenders on sperm viability of rabbit semen throughout cold preservation at 4˚C (Table 2) . At 24 h of preservation, viability was decreased by the rate of 6.97, 7.57 and 6.69% for L0, L1 and L2, respectively. While high decreasing rates were observed at 48 h of cold storage (15.96, 15.54 and 15.22% for L0, L1 and L2, respectively). It could be noted that after 48 h of cold storage, livability was slightly maintained as influenced by the lecithin extenders compared to Egg-Yolk-based extender. In another words, extenders containing 1% or 2% lecithin concentration were more appropriate in cold preservation of rabbit buck semen in comparison to a conventional egg yolk-based extender. Several researchers (Kmenta et al., 2011 and Salmani et al., 2013 , Phutikanit et al., 2011 Vidal et al., 2013,) in their studies on equine, canine, buffalo, goat and ram semen came to the same conclusion. In addition, Yotov (2015) found that using Tris-Fructose-Citric acid (TFC)-based extender containing 1.5% soybean lecithin provided the best motility, viability of chilled-store goat semen. On the other hand, soybean lecithin could be used as well and is equally capable as egg yolk for protection of bovine, ram, and stallion spermatozoa during freezing (Aires et al., 2003 and Ricker et al., 2006) . Papa et al. (2010) found no difference in post-thaw motility and viability between the egg yolk and soybean lecithin treatment but the fertility was reduced for semen frozen in the soybean lecithin extender. The authors attributed that to irreversible binding of the phospholipid's lecithin to sperm membrane, which might interact with the capacitation process.
The current findings are in agreement also with Zhang et al., 2009 , who reported that extenders based on soy lecithin, improves the kinematics characteristics of sperm cells compared to the extenders commonly used.
The decline of sperm motility, viability and consequently fertility during chilled storage can be attributed to the oxidative stress through excessive formation of reactive oxygen species (ROS), particularly hydrogen peroxide. Excessive ROS production can result in oxidative damage and impairment of sperm fertility (Bucak and Tekin, 2007 and Kim et al., 2011) . Furthermore, Farstad (1996) mentioned that soy lecithin protects the sperm cells membrane by restoring the phospholipids lost during heat shock.
The present results revealed that, dramatically decreasing rates in sperm motility percentages were observed after 24h of cold storage while the other estimate, sperm viability, seems to be higher in its values (Figures 1 and 2) at the same sampling time. The higher percentages of viability and notably differences with sperm motility at the same sampling time refer to the presence of high percentage of immotile-live spermatozoa.
Many ingredients of semen extenders may act as stabilizers for microorganisms at chilled or freezing temperatures. To avoid the spreading of infectious diseases, one must rely on using controlled and monitored ingredients and reagents that are guaranteed free of pathogens and/or mainly inhabited bacterial growth. Consequently, a defined extender containing soybean lecithin has been developed to prevent possible disease transmission by animal proteins (Pagl et al., 2006) .
As presented in Figure ( 3), the three extenders showed positive bacterial numbers (colony forming units, cfu) in the samples results from 2.66×10 3 cfu/mL in L0 to 2×10 3 cfu/mL in L1, with an average total microbial count of 1×10 3 cfu/mL in L2. The obtained results are consistent with researches investigated that non-animal substitute of egg yolk in an extender results in improved bacteriological qualities which protect the sperm from toxins produced by bacteria in the semen (Gil et al., 2003 and Bencharif et al., 2008) . Although antibiotics are added routinely to semen extenders to control the growth of contaminating bacteria, their use and efficacy has still been questioned (Aurich and Spergser, 2007) . Corona and Cherchi (2009) reported that additions of antibiotics to the cryoprotective medium are not adequate to protect the frozen semen from microbial contamination. Table ( 3) represents the pregnancy rates of multiparous rabbit does artificially inseminated with various extenders (58.82, 61.76 and 60.00% for L0, L1 and L2, respectively). Differences in fertility rates among treatments were not significant. However, the semen supplemented with 1% soy lecithin (L1) achieved a numerically higher percentage of fertilization in comparison to the control and 2% (L2) groups. This finding followed the same trend as the results of all the evaluations performed in the present study.
While egg yolk is a main component in extenders for storage and cryopreservation of semen in most mammalian species, many literatures reported that the detrimental effects of egg yolk on sperm fertility. Muller-Schlosser et al. (2001) observed that steroid hormones and its precursors present in egg yolk were associated with lower fertilization potential of stallion spermatozoa. In addition, Amirat et al. (2005) reported higher sperm numbers of bull with functionally intact acrosomes cryopreserved in soya lecithin-based extender as compared to an egg yolk-based extender and speculated that presence of higher calcium ions of egg yolk might be responsible for the acrosomal damage. Nevertheless, Papa et al. (2011) obtained lesser fertility rates of stallion semen using soybean lecithin diluents.
Previously, Lopez and Alvarino (1998) reported that the fertility of stored rabbit semen was ranged from 84.14 to 39.23 % related to the conservation time of fresh semen from 2 h to 96 h, respectively. When studying the period of 24 hours, the fertility obtained by them was similar to this work, located around 64%. Decreased fertility with the using of cooled stored rabbit semen older than 24-48 h observed by Aksoy et al. (2008) and Iaffaldano et al. (2010) and it may be the consequence of deterioration in semen quality observed over storage time. This is consistent with researches showing a positive relationship between in vitro semen characteristics and in vivo reproductive performances of rabbits (Brun et al., 2002 and Lavara et al., 2005) . Conclusively, it could be concluded that soybean lecithin, as a lipoprotein source, can be used as an alternative to animal products in extenders preparation for preserving rabbit semen without any debris in fertility.
